rates for strippers and grinders were given separately from other cotton workers and showed a considerable excess from respiratory disease. Collis (1909) examined 126 strippers and grinders from mills in Blackburn and found that nearly threequarters of them were suffering from an asthmatic condition due to the inhalation of dust. Bradford Hill's statistical study of sickness among cotton workers in the period confirmed that strippers and grinders over 30 and female card-room workers over 25 years of age suffered excessively from respiratory disease but the excess was less for the women than for the men (Bradford Hill, 1930) .
After 1920 many mills attempted with some success to reduce dust in card-rooms. Stripping brushes for cleaning the teeth of carding engines were enclosed and exhausted, carding engines vacuum cleaned, and card-rooms air-conditioned. The Departmental Committee on Dust in Card-rooms (Home Office, 1932) concluded from medical and other evidence that although some ill-health was still caused by the dust, it was not so marked since these improvements had been made.
The Departmental Committee on Compensation for Card-Room Workers (Home Office, 1939) found that in 1935-36 male card-, blow-, and cotton-room workers still suffered from an excess of respiratory sickness compared with spinners and weavers; but of the prevalence of any industrial disease (Cochrane, 1951) and these figures certainly underestimate the prevalence of byssinosis. First, they include only seriously disabled workers. Secondly, this disease is often thought by many workers and doctors to be the " chronic bronchitis " which occurs so frequently in the general population of Lancashire (Goodman. Lane, and Rampling, 1953) .
Unlike the pneumoconioses caused by mineral dusts there are no specific x-ray changes. The aetiology is obscure since the causative agent and its mode of action are unknown. The one recorded study of the pathology by Shaw Dunn and Sheehan (1932) does not shed any light on aetiology or help in diagnosis at necropsy, since they found chronic bronchitis and emphysema which was in no way specific in type.
It was decided first of all to find out if byssinosis is still a major problem in the Lancashire cotton industry. It was thought that it might be, since a recent study revealed that chronic chest disease overshadowed all others in middle-aged cotton workers employed in the dusty trades (Schilling, Goodman, and O'Sullivan, 1952) .
The study described in this paper was made in a large group of Lancashire mills spinning the coarser grades of raw cotton. They were chosen because they are said to be dustier than mills spinning finer grades and to have a higher prevalence of byssinosis (Collis, 1909) . The field work was undertaken between February and December, 1953, and between November and December, 1954 . The reliability of the diagnosis in byssinosis has been investigated by Schilling, Hughes, and Dingwall-Fordyce (1955) and found to be sufficiently good to enable a reasonably accurate estimate of prevalence to be made. This paper reports the prevalence in male card-and blow-room workers, mule spinners, female card-room workers, and ring spinners; and also the severity of disability caused by the disease. PROCEDURE For comparison a group of men of similar ages to the cotton workers but who had never worked in card-and blow-rooms was examined. Two engineering factories in the Oldham district provided these controls, 100 men in all consisting of the total population between 40 and 60 years from one factory, and a random sample of the total population of this age from the other. They were skilled or semi-skilled manual workers and their foremen and had not been exposed to any recognized hazard causing industrial pulmonary disease. Twelve men were excluded for various reasons (Table l) and the final analysis was made on 88. Table 3 ).
Physical Signs
The disagreement between the observers on the detection of physical signs normally accepted as being associated with emphysema, such as absent apical impulse and chest fixity, was too great to add much to the precision of the diagnosis of byssinosis (Schilling, Hughes, and Dingwall-Fordyce, 1955) . Thus the results of the clinical examinations of the chest are not included in this paper.
Blood pressures, which will be discussed in another paper, were not on the average significantly higher in the card-and blow-room workers than in the controls, as was found previously (Schilling and others, 1952) .
Radiographs.-In a study of byssinosis 20 years ago Fletcher found changes in the lung fields consistent with chronic bronchitis and some degree of emphysema, but he thought that there was some excess of the root and bronchial shadows of a degree not seen in ordinary bronchitis (Prausnitz, 1936) . In our study the radiographs of three samples of 15 men each were chosen: cotton workers with Grade II byssinosis, normal cotton workers, and normal controls. All were matched for age and no one with a history of another respiratory disease was included. These films were studied by one of the authors (J. C. G.) with Dr. A. L. Cochrane. Although these readers knew from which group the films came they were unable to detect any striking differences between them. Thus radiographs did not assist in diagnosis. The only difference noted was a smaller excursion of the diaphragm on comparing inspiratory and expiratory films. The average excursion of the byssinotics was 3-28 cm. compared with 4 55 cm. for the other two groups together. The difference is significant at the 2% level.
The diagnosis of byssinosis, therefore, depended on the worker's account of his symptoms. It would have been preferable if the diagnosis had been made without the observer knowing the man's occupation in the mill but this was rarely possible because discussion of his symptoms usually revealed where he worked. The consistency of the histories and the agreement between the gradings of byssinosis and the test of ventilatory capacity (discussed later) are evidence in support of the reliability of the assessments. The discovery of cases of byssinosis in ring-room workers and mule spinners where it was not expected suggests that the results are not biased towards an over-estimate of its prevalence elsewhere.
Chronic bronchitis was diagnosed on a history of persistent cough with sputum in the absence of other respiratory disease. The inter-observer reliability was not measured, as cases were diagnosed only after joint discussion of the histories obtained by both observers. RESULTS
MALE CARD-AND BLOW-ROOM WORKERS
Altogether 115 (60%) of the male card-and blowroom workers gave a clinical history of byssinosis (Table 3 ). In 24 men in whom the observers failed to agree on the diagnosis of byssinosis the less favourable diagnosis was chosen. Among the men graded as normal there were 15 who told both observers that they had noticed other symptoms, particularly on Mondays. These symptoms and the number of times they were recorded were: cough (8); irritation of respiratory tract by smoke (5); breathing more difficult on Monday but not amounting to tightness (2); headache (1); feeling feverish (1); and fatigue (1). These symptoms appear to be early or mild manifestations of the disease. Among the 88 controls none complained of tightness of the chest or breathlessness on Mondays; one of the 12 men diagnosed as having chronic bronchitis told one observer that his breathing was worse on Mondays.
Occupation By allocating men to the occupation in which they had spent more than 50% of their time it was possible to compare the prevalence of disease in four groups: (1) Carders and under-carders; (2) card setters and fitters, cotton-room men,* and men with a mixed occupational history; (3) strippers and grinders; (4) blow-room workers. Table 4 shows that 65% of the strippers and grinders and the blow-room workers had byssinosis and 42% of the carders and under-carders and the others were affected. This supports the view that the strippers and grinders and blow-room workers are exposed to more dust than the other men in the card-room.
Disability by Clinical Assessment
Respiratory disability was first assessed on the clinical grading of dyspnoea.
Since breathlessness which varies from day to day is a characteristic feature of byssinosis, it was graded for the men's best and worst days as follows: Table 5 shows that the cotton workers have more temporary and permanent effort intolerance than the controls; the strippers and grinders and blowroom workers (Group B) having more than the other cotton workers (Group A).
Disability by Spirometric Assessment
As the assessment of respiratory disability by dyspnoea grading is liable to a relatively large observer error (Schilling and others, 1955) , the results of the more objective maximum voluntary ventilation measurement are of interest. Like other * These men, although now employed in card-and blow-rooms, have been allocated to the cotton-room because they had spent more than 50% of their time there. The observers agreed exactly in their gradings on the best days for 65% of cotton workers and 88% of the controls. The corresponding figures for the worst days were 58% and 88%. Where there was a disagreement the mean of the observers' gradings was taken. Of the men who had grades of 2i, 3k, and 4i half were allocated to the higher and half to the lower grade.
physiological tests it demands cooperation from the subject but in this study cooperation was, almost without exception, excellent. This is supported by the close repeatability of values obtained on the same subjects in these factories and mills over a period of several months, using more than one observer. The standard error of an estimate of the maximum voluntary ventilation was 6-3 1./min. Figure 1 and Table 6 show that the cotton workers without byssinosis It. This is xpiration) * The mean age of these men was 55 9, and their mean M.V.V. was 47-3 1./min. (see Fig. 1 ). (Table 7 and Fig. 2) , although the change in absolute values is not large. The normal cotton workers and the controls showed no significant change between Monday and Thursday. (Table 8) .
A maximum voluntary ventilation of less than 50 1./min. indicates quite severe respiratory disability in men of this age. There were 13 cotton workers, excluding the five in Table 8 Length of Exposure Table 9 shows that the prevalence of the disease among the men who have been in the industry at least 20 years is more than twice as high as it is among those who have been in less than 10 years. in the population, the more disabled men with a low M.V.V. having left the mills as indicated by Fig. 1 .
It may also be related to the type of response to the dust. It appears that only a proportion of subjects is susceptible at all to this dust and it may be that after a certain stage is reached the condition, and in particular the decline in ventilatory capacity, is progressive in the absence of further exposure. The stage at which this progressive decline takes place may be much more closely related to the age of the subject than to his exposure.
For the disabled men and those who were definitely getting worse, periods of exposure ranged from 18 to 39 years. All but one man, who was slightly disabled and getting worse, had worked in card-or blow-rooms for more than 20 years.
Unfortunately, the disease has such an insidious onset that it is very difficult for men to remember when their symptoms started. Thus it was not possible to calculate reliably each man's period of exposure before the onset of symptoms (induction time). But the induction times of the 58 men who gave the same answers to both observers ranged from less than one year to more than 30 years with a mean of 16-7. Chronic Bronchitis Men with chronic bronchitis develop tightness of the chest whenever they are exposed to a sufficient concentration of any dust. In the early stages of byssinosis the worker is affected only by cotton dust and only on Mondays. Even in the later stages of the disease Monday is the worst day, although the card-rooms are not dustier on that day (Drummond, Hamlin, Donoghue, and Brownsett, 1954) .
The symptom complex of chronic bronchitis is, therefore, not the same as byssinosis.
There were two blow-room workers who had symptoms of chronic bronchitis but not of byssinosis (see Appendix I). As byssinosis progresses the patient often also has symptoms of chronic bronchitis, but it is not an invariable complication. There were 12 men with byssinosis who had a dry cough and 20 who had no cough at all. The added effect of a respiratory infection, such as bronchitis, on the progress of byssinosis will be discussed in a later paper. THE WOMEN CARD-ROOM WORKERS AND THE SPINNERS A similar procedure was adopted in studying the women card-room workers, but they were not examined clinically and were seen by only one observer. The M.V.V. was not measured. As byssinosis has not been reported previously among spinners, all those (with one exception) who gave a history of the disease were seen by the second observer and Professor R. E. Lane, and were examined clinically and radiographed at the Manchester Royal Infirmary. The observers discussed the case histories of all workers in whom byssinosis was diagnosed and agreed on the recorded diagnosis.
Prevalence of Byssinosis in
In the card-room the draw and slubber frames are close to the carding engines and the intermediate and roving frames are some distance from them. The results in Table 10 and Fig. 3 show that the prevalence of byssinosis in the card-rooms was less in the workers farther away from the carding engines, and that very few workers in the spinning rooms were affected. This epidemiological pattern was fairly consistent for each of the six mills (see Appendix II). While there is always some movement of women tenters in the card-room from job to job, there were enough card-room tenters who were known to have worked consistently on the same jobs to confirm the validity of these results. Disability As the M.V.V. was not measured in this group it was not possible to assess their disability with equal confidence. But Some of the difficulties of diagnosing byssinosis for compensation could be overcome if workers at risk were medically examined at regular intervals, as is done in some dusty trades. Such a system of medical supervision would also indicate the mills which had high attack rates of byssinosis and which needed to pay special attention to dust control.
The coal-mining industry has a scheme whereby miners with less disabling stages of pneumoconiosis are encouraged to continue working under approved conditions (Hugh-Jones and Fletcher, 1951) . A similar scheme might be developed for the cotton industry. Blow-rooms and card-rooms, in which only rayon fibres are processed, could be approved immediately since byssinosis is not known to occur in them. By further research it should be possible to assess the atmospheric concentration of dust which is safe and thus enable some mills spinning raw cotton to be approved. It is also necessary to know more about the natural history of the disease and in particular its course in those who have had definite symptoms but who have been removed from further dust exposure. All but three of the 28 mills studied were spinning the coarser grades of cotton * which account for 92% by weight of the yarn produced in the United Kingdom (Cotton Board, 1954) . Thus they are likely as a group to be fairly typical of conditions in all cotton mills with the exception of the smaller number spinning the fine counts and in which it is thought that there is a lower prevalence of byssinosis. Accurate estimates of prevalence in relation to coarseness of cotton spun will be considered when it has been possible to investigate a full range of mills. The 28 mills in this study employed 3,933 men and 6,624 women of all ages, excluding office workers: 23 4% of the men and 33 4% of the women worked in the cotton blow-or card-rooms and were exposed to the risk of developing disabling byssinosis. There is no doubt that in spite of the active efforts to control dust, byssinosis is a major problem in the card-rooms of this type of spinning mill.
The components of card-room dust which may contain the causative agent of byssinosis are the fly, consisting of short pieces of broken fibre, fine dust derived from dried plant debris, bacteria, and moulds. Prausnitz (1936) suggested that the soluble protein fraction of the fine cotton dust was the cause of the disease. But examined clinically and radiologically for respiratory disease.
One hundred and fifteen (60%) of the cotton workers had symptoms of byssinosis characterized by tightness of the chest and breathlessness on Mondays. Respiratory disability was assessed by the severity of tightness of the chest and dyspnoea and the volume of gas expelled during the first 0-75 sec. of a forced expiration. Twenty-six (14%) cotton workers were seriously disabled (eight have since received disability pensions) and 12 others were not so seriously disabled but appeared to be getting progressively worse. Of the controls, only four (4 5%), three of whom had bronchitis, showed any serious degree of respiratory disability.
Subsequently, 218 women card-room workers, 61 ring spinners, and 62 mule spinners from six mills were examined in less detail than the men; seven mule spinners and two ring spinners had symptoms of byssinosis. The prevalence of byssinosis was inversely related to the distance of workers from the carding engines. This epidemiological finding may help to isolate the fraction of dust causing the disease and to establish maximum allowable concentrations of dust in card-rooms. Of all the employees in the 28 mills, 23% of the men and 33% of the women were exposed to the risk of developing disabling byssinosis.
The clinical differences between chronic bronchitis and byssinosis are discussed. It 
